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7KLVDQDO\VLVLVDWKHRUHWLFDOGHVFULSWLRQRIWKHIRUPDWLRQRIWKHSURILOHRIVXUIDFHRIWKHPROWHQEDWKEDVHGRQ
FDSLOODU\ SKHQRPHQD DQG IORZ RIPDWHULDO EURXJKW E\ JDVSRZGHU MHW )RU WKH DQDO\VLV RI WUDQVLHQW SKHQRPHQD
OHDGLQJ WR LQVWDELOLW\ RI WKHJURZWKSURFHVV LW LV QHFHVVDU\ WR VDYH XQVWHDG\ WHUPVZLWK WLPHGHULYDWLYHV LQ WKH
HTXDWLRQVDQGDQDO\]HVWDELOLW\RIWKHTXDVLVWDWLRQDU\EHKDYLRUDVLWZDVSODQQHGIRUVHFRQGVWHSRIDQDO\VLV
/HW¶VGHULYHDQHTXDWLRQWKDWGHVFULEHVWKHG\QDPLFEHKDYLRURIWKHORFDOH[FHVVRIWKHPROWHQEDWKVXUIDFH©]ª
RQTXDVLVWDWLRQDU\VXUIDFHFDOFXODWHGDERYH)RUWKLVSXUSRVHQRQVWDWLRQDU\1DYLHU6WRNHVDQGFRQWLQXLW\RIWKH
IORZHTXDWLRQVDQGFDQEHXVHG$VVXPHWKDW
        
ZLWKVXSSRVLWLRQ 7KHQWKHUHIRUH
        
ZKHUH LVJLYHQE\H[SUHVVLRQ:LWKWKLVLQPLQGIURPRQHFDQREWDLQ
        
$IWHU VXEVWLWXWLRQ  DQG  WR  WDNLQJ LQWR DFFRXQW  DQG IDFW WKDW IRU DQG H[SUHVVLRQ  LV
LGHQWLW\RQHFDQREWDLQDQHTXDWLRQIRUQRQVWDWLRQDU\DGGLWLRQIRUIORZYHORFLW\
   
ZKLFKFRQQHFWQRQVWDWLRQDU\SHUWXUEDWLRQRIPHOWYHORFLW\YZLWKQRQVWDWLRQDU\H[FHVVRIVXUIDFHSRVLWLRQ]
'LIIHUHQWLDWLQJWKLVHTXDWLRQZLWKUHVSHFWWR[WDNLQJLQWRDFFRXQWDQGQHJOHFWLQJVPDOOWHUPVRQHFDQREWDLQ
WKHHTXDWLRQGHVFULELQJWKHG\QDPLFEHKDYLRURIWKHJURZLQJVXUIDFHH[FHVVRYHUWKHTXDVLVWDWLRQDU\YDOXH

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ZKHUH/±PHOWSRROOHQJWKJLYHQE\WKHVROXWLRQRIWHPSHUDWXUHWDVN8VLQJWKHOLQHDUVWDELOLW\WKHRU\OHW¶VILQG
DVROXWLRQRIWKLVHTXDWLRQDV ZKHUH DPSOLWXGH)UHTXHQF\ZFDQEHUHSUHVHQWHGDV
ZKHUHUHDOIUHTXHQF\JDQLQFUHPHQWRUGHFUHPHQWRIRVFLOODWLRQV6XEVWLWXWLQJWKHVHSURMHFWV
LQWKHHTXDWLRQZHREWDLQWKHFKDUDFWHULVWLFHTXDWLRQWKHVROXWLRQRIZKLFKLQWKHILUVWDSSUR[LPDWLRQLJQRULQJ
WKHVKRUWFDSLOODU\ULSSOHVWKHLQIOXHQFHRIPHOWYLVFRVLW\DQGFKDQJHVRIIORZUDWHGXHWKHUPRFDSLOODU\HIIHFWRQH
FDQREWDLQ
      
7KXVZHFRQFOXGHWKDWLQWKHFDVHRIJWKHRVFLOODWRU\LQVWDELOLW\RFFXUVRQVXUIDFHZLWKDIUHTXHQF\ȍDQGWKH
JURZWKLQFUHPHQWJZLWKJ!RVFLOODWLRQVDUHGDPSZLWKDGHFUHPHQWJ7KHFRQGLWLRQRIVWDELOLW\LQWKLVREYLRXVO\
LVWKHLQHTXDOLW\
          
WKRVHFULWLFDOYDOXHZKLFKGHWHUPLQHVWKHVWDELOLW\DQGLQVWDELOLW\RI WKHSURFHVVRIJURZLQJLV WKHYDOXHRIIOX[
GHQVLW\JUDGLHQWLQWKHJDVSRZGHUMHWDORQJWKHQRUPDOWRWKHJURZLQJVXUIDFH$OVRFRQGLWLRQRIVWDELOLW\GHSHQGV
RQ FODGGLQJKHDGPRWLRQYHORFLW\ OD\HU WKLFNQHVV+PHOW SRRO OHQJWK/ DQGZLGWKEZKLFKGHSHQGRI FODGGLQJ
PRGH 4XDOLWDWLYHO\ LW LV HDV\ WR XQGHUVWDQG  IRU VWDELOL]DWLRQ RI WKH VXUIDFH LW LV QHFHVVDU\ WKDW ZKHQ LW VKLIWV
XSZDUGUHODWLYHWRWKHVWDWLRQDU\YDOXHLWZRXOGIDOOXQGHUWKHOHVVGHQVHSDUWLFOHVVWUHDPWKDWZRXOGKDYHUHGXFHG
WKHGHSRVLWHGOD\HUWKLFNQHVVDQGZKHQVKLIWHGGRZQWRPRUHGHQVHVWUHDPWKDWZRXOGKDYHLQFUHDVHGKLVWKLFNQHVV
DQGDFFRUGLQJO\WRSHUWXUEDWLRQVDULVLQJH[WLQJXLVKHG2EYLRXVO\WKHVWDELOLW\RIWKHSURFHVVDOVRUHTXLUHVWKDWWKH
KHLJKWRIWKH]RQHLQZKLFKWKHFRQGLWLRQIXOILOOHGZRXOGEHJUHDWHUWKDQWKHWKLFNQHVVRIWKHGHSRVLWHGOD\HU
SHUSDVV4XDQWLWDWLYHDQDO\VLV VKRXOGDOVR WDNH LQWRDFFRXQW WKDWQRWDOO WKHSDUWLFOHVDGKHUH WR WKH VXUIDFHRI WKH
JURZQWKHUHIRUHQHFHVVDU\WRKDYHDJUDGLHQWYDOXHVRPHZKDWJUHDWHUWKDQWKHH[SUHVVLRQJLYHQE\7KXVWKH
OLQHDUVWDELOLW\DQDO\VLVRI WKHSURFHVVRIGLUHFW ODVHUGHSRVLWLRQDOORZVXV WRFRQFOXGH WKDWVXVWDLQDEOHJURZLQJ LV
RQO\SRVVLEOHZLWKWKHSRVLWLRQRIJURZLQJVXUIDFHDERYHWKHFRQVWULFWLRQRIJDVSRZGHUMHWDQGQHFHVVDU\FRQGLWLRQ
IRUVXVWDLQDELOLW\LVWKDWWKHLQHTXDOLW\

 0DWHULDOVDQGH[SHULPHQWDOWHFKQLTXH

([SHULPHQWDO VWXGLHV RI+6'/'ZHUH SHUIRUPHG DW WKH ,QVWLWXWH RI /DVHU DQG:HOGLQJ 7HFKQRORJLHV 63E38
,/:7 RQ D ODERUDWRU\ EHQFK XVLQJ N: ILEHU ODVHU /6 SRZGHU IHHGHU ZLWK IHHGLQJ UDWH XS WR  NJK KLJK
SUHFLVLRQ URERW IRU FODGGLQJ KHDG PRYHPHQW ' URWDWLRQ XQLW IRU SURGXFW PDQLSXODWLRQ FKDPEHU ZLWK $U
DWPRVSKHUHDQGFRQWUROV\VWHP)LJXUH


)LJ([SHULPHQWDOVHWXSIRUUHVHDUFKRIGLUHFWODVHUGHSRVLWLRQ
H[S kxti  Z]] ]
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,Q H[SHULPHQWV RQ GLUHFW ODVHU GHSRVLWLRQ D QXPEHU RI SDUDPHWHUV ZHUH UDQJHG ,Q RUGHU WR VWXG\ G\QDPLF
SURFHVVHV FDPHUD &LWLXV &HQWXULQR & DQG FDPHUD %DVOHU DF$JP ZHUH XVHG $ VHULHV RI H[SHULPHQWDO
VWXGLHVRQWKHHIIHFWRIGHSRVLWLRQPRGHVHWWLQJVRQWKHZLGWKRIJDVSRZGHUMHWKDYHEHHQGRQH)RUWKHDXWRPDWLRQ
RILPDJHSURFHVVLQJWKHVRIWZDUHZDVGHYHORSHGLQ/DE9,(:SURJUDPPLQJHQYLURQPHQW/DWHUDODQGFRD[LDO
QR]]OHV DUH XVHG IRU IRUPHG JDV SRZGHU VWUHDP IRUPDWLRQ ,Q H[SHULPHQWDO VWXGLHV SRZGHU DOOR\  ,QFRQHO 
&DVWROLQ(XWHFWLFZLWKVSKHULFDVOIRUPDQGVL]HGLVWULEXWLRQPZDVXVHG)LJFKHPLFDOFRPSRVLWLRQLV
JLYHQLQ7DEOH
([SHULPHQWVRQSURGXFWJURZWKZHUHDOVRFRQGXFWHGZLWKYDULRXV1LEDVHGVXSHUDOOR\V WLWDQLXPDOOR\VFREDOW
EDVHDOOR\VDQGVWDLQOHVVVWHHOV
6WUXFWXUDOUHVHDUFKHVZHUHPDGHXVLQJRSWLFDOPHWDOORJUDSK\'0,/HLFDVFDQQLQJHOHFWURQPLFURVFRS\
3KHQRP3UR;DQG0LUD7HVFDQ7KHPHFKDQLFDOSURSHUWLHVZHUHGHWHUPLQHGRQDXQLYHUVDOPDFKLQH=ZLFN5RHOO
=$OOURXQG7RDQDO\]HWKHHIIHFWRIKHDWWUHDWPHQWRQWKHSURSHUWLHVWKHVDPSOHVZHUHDQQHDOHGLQWKHIXUQDFH
5+791DEHUWKHUP,QDGGLWLRQWHVWVZHUHPDGHRQWKHORQJWHUPVWUHQJWKDQGORZF\FOHIDWLJXH


)LJ*UDQXOHVRI,QFRQHODOOR\

 'HVLJQRIWHFKQRORJLFDOHTXLSPHQW

7KHGHULYHGVWDELOLW\FRQGLWLRQVGHWHUPLQH WKHUHTXLUHPHQWVIRU WKHGHVLJQRIKHDGVIRU WHFKQRORJ\RI'/',Q
DFFRUGDQFHZLWKWKHVHUHTXLUHPHQWVODWHUDOFRD[LDODQGIRXUMHWWHFKQRORJLFDOQR]]OHVRQWHFKQRORJLFDOKHDGVKRZQ
LQ)LJXUHZHUHGHYHORSHGDQGXVHGLQWKHH[SHULPHQWVDQGSURGXFWLRQ

D E F

)LJ/DWHUDODFRD[LDOEDQGIRXUMHWVFWHFKQRORJLFDOQR]]OH
7HFKQRORJLFDOKHDGZLWKODWHUDOQR]]OHLVQRWV\PPHWULFDOZLWKUHVSHFWWRWKHGLUHFWLRQRIPRWLRQZKHQXVHGUROO
EXLOGLQJSURFHVVGHSHQGVRQWKHGLUHFWLRQRIPRYHPHQW7KHUHIRUHZKHQXVLQJKHDGVZLWKODWHUDOQR]]OHJURZLQJ
7DEOH&KHPLFDOFRPSRXQGRIDOOR\,QFRQHO
HOHPHQW FRPSRXQG
1L EDVH
& 
6L 
1E7D 
&U 
0R 
)H XS
0Q 
$O 
7L 
2WKHUV 

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VKRXOGEHFDUULHGRXWZLWKRXWFKDQJLQJRIWKHWRROPRYHPHQWGLUHFWLRQUHODWLYHWRWKHSURGXFW
*DVSRZGHUMHWIRUPHGLQWKLVQR]]OHKDVDVLPSOHVWUXFWXUHLVV\PPHWULFDOZLWKUHVSHFWWRWKHFKDQQHOD[LVDQG
GLYHUJHVZLWKDQDQJOHRIGLYHUJHQFHRIDERXW,WSURYLGHVDIDLUO\ZLGHUDQJHRIVXVWDLQDEOHJURZLQJLQWKH
XSSHU KDOI RI WKH MHW 7HFKQRORJLFDO KHDG HTXLSSHG ZLWK FRD[LDO QR]]OH FKDUDFWHUL]HG E\ LQGHSHQGHQW JURZLQJ
SDUDPHWHUVRQWKHGLUHFWLRQRIWRROPRYHPHQW,WDOORZVXVHRIFRPSOH[WRROSDWKVDQGUHFHLYHLWHPVPRUHFRPSOH[
JHRPHWU\ )RXUMHW KHDG LQ VSLWH RI ORZ OHYHO RI SURFHVV SURGXFWLYLW\ DOORZ SURGXFLQJ JUDGLHQW VWUXFWXUHV E\
DSSOLFDWLRQRIFRQWUROODEOHVXSSO\RIGLIIHUHQWSRZGHULQRSSRVLQJSDLUVRIQR]]OHV
([DPSOHVRIWXUERIDQHQJLQHSDUWVSURGXFHGZLWKGHYHORSHGWHFKQRORJLFDOKHDGVVKRZQRQ)LJXUH

  

)LJ&RPSRQHQWVRI³KRW´SDUWRIWXUERIDQHQJLQH

 0DWHULDOVLQYHVWLJDWLRQDQGPHFKDQLFWHVWV

)DEULFDWHGVDPSOHVGRQ¶WKDYHWKHXQDFFHSWDEOHGHIHFWVSURGXFWVWUXFWXUHLVSDUWO\FDVWVWUXFWXUHGHQGULWHVL]HLV
OHVVWKDQPLFURQVDSRURVLW\RIQRWJUHDWHUWKDQ7KHOD\HUHGVWUXFWXUHLVREVHUYHGLQɚIHZUHJLRQV*RRG
QRWLFHDEOH QRQPROWHQ SDUWV IURP JUDLQ SRZGHU ZKLFK SURGXFH ILQH JUDLQ VWUXFWXUH SOD\LQJ UROH RI QXFOHDWLRQ
FHQWHUV2Q)LJXUHH[DPSOHVRIPLFURVWUXFWXUHRIXVHGSRZGHUDDQGPDQXIDFWXUHGVDPSOHEIRU,QFRQHO
DOOR\DUHVKRZQ

D E

)LJ0LFURVWUXFWXUHRIXVHGSRZGHUDDQGPDQXIDFWXUHGVDPSOHE
0HFKDQLFDOWHVWVPDGHZLWKVHULHVRIVDPSOHVVKRZQWKDWSURSHUWLHVRIPDWHULDOZKLFKSURGXFHGE\'/'LVRQ
WKHOHYHORIUROOHGPHWDOIRUVWHHOVDQG1LEDVHGDOOR\VWDEOHDQGRQWKHOHYHORIIRUJHGPHWDOIRU7LEDVHGDOOR\V

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
7DEOH0HFKDQLFDOSURSHUWLHV,QFRQHODOOR\'/'PRGHSDUDPHWHUVDUHODVHUSRZHUN:SRZGHUUDWHJPLQOLQHDUVSHHGPPVHF
OD\HUVWHSPPODVHUVSRWGLDPHWHUPP
6WDWHRIPDWHULDO V03D Vɜ03D G
'/'   
'/'ZLWKKHDWWUHDWPHQW
   
5ROOHG   
$QQHDOHG   
&DVWHG   

5HDVRQRIDSSHDUDQFHRIVXFKFRPSOH[RIPHFKDQLFDOSURSHUWLHVZHFRQQHFWZLWKILQHJUDLQVWUXFWXUHRIJURZQ
PDWHULDOZLWKVFDOHRIVWUXFWXUDOHOHPHQWVPXFKOHVVWKHQIRUFDVWHGPHWDODVLWLOOXVWUDWHGE\)LJXUH

 

)LJ)UDFWXUHRIFDVWHGVDPSOH5HQHOLNHDOOR\±OHIWDQG'/'SURGXFHGVDPSOHIURPVDPHPDWHULDO±ULJKW

$FFRUGLQJWRWKHVWXG\RIIUDFWXUHGXFWLOHIUDFWXUHILQHPHVKHGVWUXFWXUH7KHYLVFRXVFKDUDFWHURIGHVWUXFWLRQLV
VHW IRU LQLWLDO DQG KHDWWUHDWHG VDPSOHV ,W LV SRVVLEOH WR FRQFOXGH WKDW KHDW WUHDWPHQW LV QRW UHTXLUHG DIWHU '/'
SURFHVV

 &RQFOXVLRQ

'LUHFWODVHUGHSRVLWLRQWHFKQRORJ\LVDGLIILFXOWSURFHVVZLWKDODUJHQXPEHURILPSRUWDQWSDUDPHWHUV7KHFKRLFH
RIWKHPRGHRIJURZWKLVDGYDQWDJHRXVO\FDUULHGRXWZLWKWKHKHOSRIPDWKHPDWLFDOPRGHOLQJH[SHULPHQWDOVHOHFWLRQ
PRGHVFDQEHH[WUHPHO\WLPHFRQVXPLQJ
2QH RI WKH PDLQ UHTXLUHPHQWV WR WKH SURFHVV RI JURZLQJ LV VWDELOLW\ RI IRUPLQJ SURFHVV ([SHULPHQWDO DQG
WKHRUHWLFDOVWXGLHVJLYHDFOHDUSLFWXUHRIWKHFDXVHVRILQVWDELOLW\RIJURZLQJVXUIDFHGXHWRFDSLOODU\IRUFHVDQGWKH
G\QDPLFVRIWKHPROWHQEDWK6WDELOLW\RIJURZLQJFDQEHDFKLHYHGE\WHFKQRORJLFDOKHDGGHVLJQWKDWSURYLGHVWKH
UHTXLUHG YDOXHV RI WKH DQJOH RI FRQYHUJHQFH WKH SURYLVLRQV RI WKH JDVSRZGHU MHW DJDLQVW WKH VXUIDFH RI JURZQ
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